Molecular collisions at low temperatures have become known as a feature-rich quantum mechanical scattering problem. Theoretical calculations have shown already more than a decade ago that a plethora of scattering resonances become accessible once the thermal de Broglie wavelength of the collision system becomes comparable with the effective range of the intermolecular interaction 9 . Understanding the quantum dynamics of cold molecular interactions has created a rapidly growing field during the last decade 10, 11, 12 . Here, state-tostate inelastic collisions are among the most fundamental processes -and also the most difficult to study. Cold inelastic collisions of neutral OH molecules interacting with rare gas atoms 13 and, more recently, NO radicals 14 Here, we present a versatile scheme to manipulate the rotational quantum states of negative ions -the state-selective removal of ions by threshold photodetachment -in order to study the fundamental inelastic process of rotational state-changing collisions. With this approach we determine the collision rate coefficients for the transition from the first excited J=1 state to the J=0 ground state of the hydroxyl negative ion and its deuterated isotopologue (see also The effect of the two reactions (1) and (2) on an ensemble of cold trapped ions is described by a simple system of rate equations as depicted in Figure 1 and described in the supplementary information. In the weak intensity limit the detachment laser induces a loss rate for the molecular ions that is proportional to the ion fraction in the J=1 state and to the laser intensity 27 , 28 . For strong enough laser intensities the rate for photodetachment becomes comparable to the inelastic collision rate and induces a depletion of the excited state. In the experiment this leads to a deviation from the linear intensity dependence of the induced loss rate. Once the detachment rate is much larger than the inelastic collision rate, only the latter one determines the loss rate, since all molecular ions that reach the excited rotational state are immediately neutralised. In this discussion the effect of the second excited rotational state has been neglected, which is a safe assumption at the low temperatures in the ion trap (see Figure   1 and supplementary information). The degenerate magnetic sub-levels of the excited rotational states have not been treated separately, as they will mix rapidly by collisions and interactions with the trapping potential.
The measurements were performed on ions trapped inside a cryogenic multipole radiofrequency ion trapFehler! Textmarke nicht definiert.. The experimental setup and the procedure of ion preparation and loading have already been presented earlierFehler! Textmarke nicht definiert. ,29 , specific details are described in the supplementary information.
Once loaded into the trap, a few hundred hydroxyl anions are being subjected to the photodetachment laser beam, the frequency of which is tuned 5-20cm -1 below the electron affinity of OH (OD) (see Figure 1 ). This only neutralises OH -(OD -) anions in J=1 (and above) and forms rotational ground state OH (OD) with total angular momentum J=3/2.
The exponential decay rates of trapped hydroxyl anions are determined from the stored ion signal as a function of the storage time in the trap for increasing intensity of the 4 photodetachment laser. These rates are directly proportional to the population in the J=1 state.
Plotting the ions' relative population as a function of their loss rate shows that with increasing loss rate, caused by increased photodetachment laser intensity, the excited state population is depleted. This is shown in Figure 2a and b for OH -and OD -for different helium densities in the ion trap. At the highest helium density the normalised population remains almost constant and thereby unaffected by the depletion action of the detachment laser, because the detachment rate remains weak compared to the inelastic collision rates. However, at lower helium densities a depletion of the excited J=1 state by more than 50% is observed. By fitting the rate equation model shown in Figure 1 to the data, the inelastic collision rates are extracted as a function of helium density. These are shown as a function of density in Figure   2c . The slope of the linear dependence yields the collision rate coefficients. caused by the precision of the exponential decay rate measurements and the temperature determination by photodetachment spectroscopy, which is also traced back to decay rate measurements. The systematic accuracy stems from the absolute helium density calibration.
The result for the ratio of the two rates yields k OH-/k OD-= 1.3±0.5, here the accuracy of the absolute density calibration cancels.
Both collision rate coefficients are smaller than the Langevin capture rate coefficient, which assumes unit scattering probability for all partial waves up to the maximum quantum number that allows the collision partners to overcome the centrifugal barrier. This Langevin rate is 5.8x10 -10 cm 3 /s for both OH -and OD -colliding with helium. Normalising the measured rates to the Langevin model, we find the inelastic collision probability for OH -and OD -to be about 10%. To understand why both isotopologues feature a similar, finite probability in inelastic collisions with helium, we have performed ab initio quantum scattering calculations for both anions on the same interaction potential surfaceFehler! Textmarke nicht definiert.
(neglecting non-Born Oppenheimer effects) using the time-independent quantum coupledchannel method 30 . In the framework of the rigid-rotor approximation the ground vibrational state of the hydroxyl anion and the first ten asymptotic rotational states were taken into consideration. Partial waves up to an angular momentum of 40ħ were considered.
The calculations yield the collision energy-dependent integral scattering cross sections from which the thermal rate coefficients are obtained by proper averaging (shown in Figure   3a and b). The ratio of excitation and de-excitation rate coefficients are found to be in excellent agreement with the prediction of detailed balance. We also find that the two thermally averaged rate coefficients cross at about 17K. At lower temperature, OH -shows the larger rate coefficient, whereas at higher temperature the OD -rate becomes larger. This can be explained by the relative importance at different, but fairly close, collision energies of the numerous scattering resonances that appear in the energy-dependent cross section throughout the range of energies relevant at low temperature. The calculated rates at 15.3K (also plotted in Figure 3b ) agree very well with the measured rate coefficients at this temperature. The ratio of the two calculated rate coefficients of 1.07 is found to be in perfect agreement with the experimental ratio. This is a manifestation of the precision that can be achieved in cold 23 The temperature has been determined as the anions' rotational temperature using photodetachment spectroscopy, as described in the supplementary information. Its value is also a good approximation for the effective temperature of the relative translational motion between the hydroxyl anions and the helium atoms. Simulations have verified that radiative excitation of the ions due to black-body radiation does not need to be considered. 
